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Abstract 
Experiments with ionizing radiation for extending the storage lives ot 
onions are described and compared with the available literature on the sub-
ject. The aim was to form a general picture of the effects of ionizing radi-
ation applied to onions on the basis of the multitudinous environmental and 
physiological conditions influencing the results. 
All that contributes to optimal growth, uniform maturation, and pood 
storage conditions will improve the results. Only first-class market oniode 
should be used for irradiation as even apparently negligible deviation trom 
that category will increase the rot during storage. It was found very im-
portant to use strains of cultivars with a specially good storability. The 
best results were obtaiaed with irradiation shortly after lifting when the 
onions are in the deepest state of rest. At that time only 6-12 krads were 
necessary to inhibit, but not to prevent, the onions from sprouting. At the 
above conditions the effect on the incidence of rot will be small, but all 
deviations from them may result in an increase in both sprouting and rot. 
Dos cs above the optimal for sprout inhibition causes an increase In storage 
rot and may promote a transitory, p«i»»»«l> UVt< sprouting rate within ', -Z 
- 2 -
months after the application. Small bulbs sprout faster than larger ones. 
Discoloration of the growth centre of irradiated onions may often occur, 
but with great variation between strains of cultivars and from one bulb to 
another. The cause has not been elucidated, but some explanations are 
given. Generally the discoloration should not make the onions objectionable 
for most kinds oiuse. The total loss by respiration and transpiration in the 
whole storage period was greatest in the non-irradiated, but in the first 
months of storage, until the tiprouting accelerates, the loss was greatest 
in the irradiated onions. The culinary value was practically unchanged. 
Additional keywords: Sprout inhibition, storage rot, Botrytis allii, dormancy, 
radiation botany, physiology, cultivar. 
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1. INTRODUCTION 
On account of sprouting and storage rot onion growers have serious 
problems with storage of the bulbs, and therefore they are always looking 
for methods or remedies to reduce these factors. Various chemicals have 
been used or are in use - to the author's knowledge to a small extent only -
for that purpose in different countries, but they are of limited value because 
of too little effect, or because they may be dangerous to man. 
This is the basic reason for making experiments with irradiation for 
extending the storage lives of onions. Numerous investigations have been 
carried out throughout the world since Brownell et al. (1954, see Mullins 
and Burr 1961) and Dallyn, Sawyer and Sparrow (1955) presented the first 
reports on sprout inhibition in onions by irradiation. This literature is 
reviewed below to the extent to which it has been possible for the author to 
trace it. Part of the literature appears only as short notes or reports, and 
some of the results described were based on too small amounts of bulbs to 
be regarded as conclusive. Only in connection with other experiments are 
they, maybe, of some value. From this literature review one arrives at 
the conclusion that it is not enough just to take some onions, irradiate them 
and look at the results, because the variation in storability between strains 
of cultivars is influenced not only by their heritable properties, but also by 
the physiological, environmental, and growing conditions. This makes it a 
complex task to get an unambigous picture of the effects of the irradiation 
and constitutes the basis for making the irradiation experiments presented 
below. 
2. LITERATURE REVIEW 
Throughout the world the main part of the experiments have been car-
ried out with onions (Allium cepa L.), but the existing results with garlic 
(A. sativum L.) and shallots (A. ascalonlcum L.) indicate that they fall 
within the variation in the result« with different strains of cultivars of 
onions. Strain (kind of plant material) and cultLvar (proprie dicta variety, 
smftOéat ton of the plant system) are used in sensu Wanacfaer (t 964,' f911). 
Where not oibtrmise indicated oniene irere the mibjsct of th« invesfegttttou. 
Uusee arc given in rada or krads ihrougbput the paper wlthrHit any caa^e 
in W#&1 ftjptf« dUteeoflj ejakfmmated.: 
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2.1. Effects on Sprouting and Physiology 
2.1.1. Changes in Growth Behaviour, Tissues, and Metabolism of 
Nucleic Acids 
Transplanting of onions treated with 0-5 krads of X-rays resulted in a 
decreasing number of bulbs sprouting in the field (Campos, Generoso and 
Capinpin 1960). Srb (1965a) agreed by stating that a dose of 1 krad of X-
rays was too close to the lethal limit for transplanting with a fairly good 
result. Metlitskii et al. (1 964) found that a dose as small as 200 rads in-
hibited development of flower-bearing shoots, and further mat normal cell 
division was lacking after application of 10 krads. They claim that instead 
the cells hypertrophied so the growth that occurred was mainly a cell ex-
tension. 
Already at a dose of 100 rads of X-rays it was potsible for Srb (1965a) 
to measure an increase in the permeability of the tissues of onions, and he 
ascertained that 1000 rads caused nearly the same effect as did 5 or 25 
krads. This effect could be observed immediately after irradiation, and 
was partly reversible, partly irreversible (Hluckovsky and Srb 1963, Srb 
1964, 1965a). There can be no doubt that such changes in permeability 
will cause severe changes in the physiology and whole behaviour of the tis-
sues including an increased susceptibility to microbial attacks. Cf. below, 
and for analogous effects in carrots and potatoes cf. e. g. Skou (1963, 1966, 
1 971) and Skou and Henriksen (1964). 
Korableva and Metlitskii (1963) and Metlitskii et al. (1964) proved that 
it is the irradiation-disturbed metabolism of the nucleic acids which leads 
to a suppression of the sprouting ability. Three to ten krads stopped the 
synthesis of nucleic acids at storage, and higher doses resulted in a direct 
decomposition. At sprouting the content of nucleic acids increased 4-5 told 
in the non-irradiated onions, while there was only a weak increase after 
100, and a loss in nucleic acids after 300 krads. In onions the irradiation 
(0-300 krads) caused a drop in both RNA and OKA, most pronounced in 
primordia and in stems and roots especially when irradiation was applied 
during the state of intense growth. In garlic the content of RNA in the 
meristems decreased both during storage and with the doss of irradiation 
(0-500 krads), while it was almost unchanged in the parenchyma. The de-
crease of DNA was less. 
For comparison with other plants see e. g. the reference« in Skon C 966). 
The effects of irradiation on the genetic constitution are beyond the 
•cope of the present paper. 
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2.1.2. Type of Radiation and Doses Necessary for Sprout Inhibition 
The earliest reports on sprout inhibition in onions by ionizing radiation 
gave greatly varying figures for the doses needed. There are many rea-
sons for that, several of which are solved to day. First of all it is necess-
ary to use a type of rays with energy enough to penetrate to the growth centre 
of the bulbs. Thus Dallyn and Sawyer (t 959a) got no redaction in sprouting 
after use of 128 krads 2 HeV fast electrons, but only a weak inhibition of the 
root-forming ability, and after 2 krads there was even a tendency to stimula-
tion of the sprouting. In other experiments they found increasing inhibition 
from 2 to 64 krads applied to the root-end, but no* when applied to the top-
end. With Y-rays no sprouting occurred after 4-6 krads, van Kooy and 
Langerak (1961) used 1 HeV fast electrons without any effect after doses up 
to 750 krads, apart from a tendency to increased sprouting at the greatest 
doses. 
It must also be disadvantageous'to use sources with too low a dose rate, 
e. g. in an outdoor Y-field, not only because of the uncontrolled environmen-
tal conditions, but also because the difficulties in comparing the results on 
non-irradiated samples and samples irradiated to different doses for varying 
periods of time. Dallyn, Sawyer and Sparrow (1955) used such an outdoor 
irradiation plant, but for 2 days only, while Patil (1965/66) placed his onions 
in a Y-field for 1 -32 days before storage at constant temperature and humid-
ity, see remarks to his results below. 
Early it was found that irradiation at different times after harvest 
(maturity) gave dissimilar results. According to Mullins and Burr (1961) 
already Brownell et aL (1954) found sprouting at all doses up to 39 krads. 
Similar results were obtained by Truelsen (1960) after irradiation 1 and 4 
months after harvest. At the same time a transitory stimulation of sprouting 
in onions but not in shallots, was observed immediately after irradiation. 
Using several different doses Mullins and Burr (196f) also observed such a 
transitory stimulation after application of 50 and 250 krads 118 days after 
harvest. Applied 76 days after harvest only the latter dose caused that ef-
fect. None of the doses used completely prevented the onions from sprouting, 
but by irradiation 12 days after harvest only weak sprouting was observed 
after doses as lew as 2-6 krads. Ksither Korablevx apd Metlitskup MS) nor 
M«tlit»fcU et al. (1 964) got • prevention firm sprouting with 1 no krads to on-
ion* «e wMh 500 krads to an early ripening strain of a calUyar ol gsrlic, but as 
little ss 10 krads h*s a food inUMtiv* effect on sproating in onion«. P»tll<* 
(19U/«eirasuHs ruammd as of m» rtusntXtng offset ia spate of the fact that 
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they are difficult to compare with others. Using doses up to 60 krads he 
found the strongest sprout-inhibiting effect with 10-20 krads. Brunelet and 
Vidal (1960) did not find any effect after irradiation of onions and garlic in 
April, while they observed increasing sprout inhibition with increasing 
doses after irradiation of onions in February, even though distinct sprouting 
was observed after 18 krads. Two krads could inhibit sprouting in onions 
and garlic at still earlier application, while shallots required 12.5 krads 
for sprout inhibition in August after harvest in July. With irradiation in 
July and August Watanabe and Tozaki (1 967) found 100% inhibition in garlic 
after 3 krads, while 4 krads had no effect at all when applied in November. 
Complete prevention from sprouting could be obtained with 15 krads until 
86 days after harvest, but this dose was not enough when used 114 days after 
harvest (Qjima et al. 1 963). 
Several authors agree on the excellent effect of 5-15 krads used shortly 
after harvest, and further that the effect of these doses is weak or nil when 
used at a later date (Brunelet and Vidal 1960, Mullins and Burr 1961, 
McQueen 1965); some talk about complete prevention (Sawyer and Dallyn 
1956, Dallyn and Sawyer 1959a, b, Lewis and Mathur 1963, Mathur 1963 
(garlic), Qjima et al. 1 963, Kahan and Padova 1966 (garlic), Mumtaz et al. 
1970), others found complete prevention or only slight sprouting at even 
smaller doses (Ogata et al. 1959, according to Fatil 1 965/66, Hori, Kawa-
saki and Kitoh 1965, McQueen 1965, Solanas and Darder 1 968, Messiaen, 
Pereau-Leroy and Leroux 1969, garlic), and finally there is a group of 
authors who simply found a reasonably good reduction in the sprouting with 
5-20 krads (Blinc 1959, Meshitsuka et al. 1963, Kahan et al. 1966, Zidan 
1 967, Kahan and Temkin-Gorodeiski 1968, Dharkar 1 969, Umeda, Takano 
and Sato 1 970). 1 do not think it is necessary to attach very much import-
ance to these differences in the way of expression, but maybe there exist 
strains of cultivars in which, under certain conditions, it is possible to 
obtain full prevention from sprouting by using those relatively low doses 
of radiation. 
In the greater part of the experiments only the external sprouting has 
been investigated, but it is evident that considerable internal sprouting must 
occur before the outer one may be observed, and it is obvioss that it would 
be preferable to stop development of the internal sprouting (see e, g. Dallyn 
and Sawyer 1959a, b, Brunelet and Vidal 1960, McQueen 1965). On the 
other hand some internal sprouting usually does not impair the market value 
of the onions. 
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2 . 1 . 3 . Rest and Dormancy* 
One thing i s clear from the preceding section, that i s : the sooner af-
ter harvest (maturity) irradiation was used, the better the results and the 
lower the doses needed to inhibit sprouting. Brunelet and Vidal (1960) and 
Metlitskii et al. (1 964) mention that they got the strongest sprout inhibition 
when irradiation was applied while the onions were in deep dormancy or in 
the period of rest, but they do not give any explanation or definition. In-
vestigations of that matter have shown that the onions are in a state cf rest 
for some time - up to 8 weeks - after harvest. In that period the onions 
are unable to sprout unless special agents are used. Later on the rest i s 
less deep, and the onions pass into a state of dormancy in which they may 
sprout when placed in good conditions (Jones 1 921, Boswell 1 924a, b, Mann 
and Lewis 1 857). The intensities of rest and dormancy differ, not only from 
one strain to another (Messiaen, Pereau-Leroy and Leroux 1 969, garlic), but 
also from early to later ripening onions of the same strain (Boswell 1 924b). 
When these facts are compared with the results of irradiation, it i s 
clear that when the onions are in the state of rest it i s possible to get a good 
effect with small doses, while by irradiation in the period of dormancy or 
when the sprouting has already initiated, higher doses are required, but 
these increase the injury and involve more or less unpredictable results. 
Only Dallyn and Sawyer (1 959b) got more sprouting by irradiation of 
the Southport White Globe immediately after lifting than when irradiation 
was applied 26 days later. Perhaps it is possible to come too close to the 
time of maturity with the use of irradiation, i. e. before the onions pass 
into the deep rest . 
Both the roots and the top are in the state of rest after harvest (see Mann 
and Lewis 1 957), but as in carrots (Skou 1 966) it i s easier to inhibit sprouting 
of the roots than of the top (Dallyn and Sawyer 1 959a, Patil 1 965/66). 
2 . 1 . 4 . Importance of Strains of Cultivars. and of the Bulb Size 
The comparatively few investigations with garlic (Allium sativum L . ) 
and shallots (A. ascalonicum L . ) (Brunelet and Vidal 1960, Truelsen t 960, 
Mathur 1963, Metlitsku et al. 1964, Kahan and Padova 1966) do not show 
differences from onions (A. cepa L. ) as to the effect of irradiation,as the 
varia'tidns observed between strain's of rtiltivar* (Bens« Wanscher T'964; 
1 971 ) of onion« were quite as great (Dallyn and Sawder 1 959a, b, Nuttall, 
Lyall ai*) McQueen tS61, McQueen 1 965, Kahan and TemJdn-Gorod«i»lfi 
(survey' of the variation within l»v»eli uultivarg) 1 » » , Vrntda. Taktoa »ad 
" fw Mlipini r* i r t i p w l»Hiwi< aura1:,' fe f tP» irwwrt ttf «•» titt • * • « < mt 
(lunacy rt«*ct1»l, u is« tmt l l (rø«>), tr* tfw *4 Urii (Iff-?) ml tWr twrut. M 
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Sato 1970), not only as i igards the effect of radiation, but to storability as 
a whole (cf. e. g. Sørensen 1941). Also between strains of garlic a clear 
difference was observed (Metlitskii et al. 1964). In spite of the few strains 
compared in each experiment it seems reasonable to presume that the ob-
served differences are due to the genetic constitution of the strains of cul-
tivars, affected by the growing conditions and the treatment at and after 
harvest (cf. Boswell 1 924 b, Meshltsuka et al. 1963, Kepka1969). 
Results were also influenced by the bulb s i ze as small bulbs sprout 
faster than larger ones of the same strain (Dallyn, Sawyer and Sparrow 
1 955, Sawyer and Dallyn 1 956, Nuttall. Lyall and McQueen 1961). Zidan 
(196?) reaches the opposite result, hut his material was too small to be 
conclusive, and Metlitskii et al. (1964) too, found a similar indication. 
2 .1 .5 . Pretreatments and Storage Conditions 
Conditions affecting the storability of onions will certainly also affect 
the results of the radiation treatments. These conditions comprise the 
pretreatments, i. e. the bulbs should be healthy and well dried, preferably 
artificially (cf. Knoblauch 1959 (shallots), Brunelet and Vidal 1960, Kepka 
1969, Shirokov 1 969), as well as the growing conditions, i . e. uniform 
growth and ripening should be secured (cf. Boswell 1 924a,b), and the storage, 
where the temperature i s very important, as shown by Boswell (1924b), 
Mann and Lewis (1957), and Knoblauch (1967, shallots). 
In the irradiation experiments storage at low temperatures, i. e. c lose 
to zero centigrades, may shorten the state of rest, while storage at 13 -
17 C gives a more vigorous sprouting than higher and lower temperatures 
(Lewis and Mathur 1963, Meshitsuka et al. 1963, Dharkar 1969). Exactly 
the temperature has been subject to the most extreme variations from one 
author to another, and thus it has contributed greatly to the differences in the 
results. The extremes of storage temperatures used were -2°C (Knoblauch 
1967, shallots) and 35°C (Lewis and Mathur 1963). Several authors have 
kept the onions at ambient temperatures. 
Also the relative humidity ( r . h . ) varied greatly, i. e. from 30-40% r .h . 
(Dallyn, Sawyer and Sparrow i 935) to c lose to 100% r.h. which especially 
affect the susceptibility to storage rot. The best moisture content should 
be 80-95% r.h. (Knriri 1969). I; is worth mentioning in thia connection 
that Meshitsuka et aL (1 862) and Srb (1965b) found more sprouting in 
packaged onions than in onions lying free, very l i ie ly owing to the higher 
molature content in the baf'i. This ie in agreement with what has been 
found in carrots (Skou 1 96f.). 
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2. 2. Storage Rot 
Several authors talk about storage rot as " . . . sprouting and decay . . . " , 
" . . . decay . . . " or " . . . spoiled . . . " more or l ess in connection with 
sprouting, and thus the real importance of that matter i s hidden. Others 
did not find differences, or they observed a decrease in storage rot with 
increasing doses of radiation - even at relatively small doses (Lewis and 
Mathur1963, Mathur 1 963, McQueen 1965, Messiaen, Pereau-Leroy and 
Leroux 1969, garlic, Mumtaz et al. 1 970). The significant decrease in 
storage rot with increasing doses found by van Kooy and Langerak (1 961) 
i s probably due to the nigh doses (1 MeV fast electrons) given towards the 
neck leaving the rest of the bulb protected. Dallyn and Sawyer () 959a) 
found a more or l ess pronounced tendency to increased storage rot after 
use of fast electrons as well as after Y-rays. Mullins and Burr (1961) note 
that onions treated with 250 krads "spoiled" very rapidly, and Metlitskii 
et aL (1964) found increasing storage rot with Increasing doses and a very 
severe rot after 500 krads in both onions and garlic. 
Nuttall, Lyall and McQueen (1961) observed less rot in the irradiated 
than in the non-irradiated onions in the first part of the storage period, 
later the storage rot was most pronounced in the irradiated ones. At the 
same time they observed - like Dallyn and Sawyer (1959a) - a great differ-
ence between strains of cultivars as to storage rot, further that small 
bulbs were l ess susceptible to rot than were the larger ones. This applies 
to both irradiated and non-irradiated ones. Patil's (1965/66) experiments, 
certainly not comparable with others, in raany cases showed severe internal 
rot in the irradiated bulbs owing to a greatly injured growth centre or even 
injured sprouts. With the preceding section in mind, the differences in the 
importance of the storage rot are not surprising. 
Metlitskii et al. (1964) mention attacks by Botrytis allii Munn, and 
Staden (1966) alleged that this fungus could be destroyed by irradiation with-
out damage to the onions. Besides these, only Messiaen, Pereau-Leroy 
and Leroux (196S, garlic) and Mumtaz et al. (1970) mention the causal 
organisms which were Penicillium spp. and Aspergillus spp. respectively. 
Part of the spoilage or decay i s probably physiological in nature as for 
Instance the spoiled spongy onions of Mullins and Burr (1961) who stored 
th* onion* at about 50% r. h. 
2.3, j^Btjnratjon aiid Transpiration Loss 
9»T«ral statements «bo«t the weight Ipf* at suvag« of irradiated oni*m 
refer only to tin total los* at the end of the experiments without detail« of 
- 1 2 -
the development during storage (see Qjima et al. 1963, Srb 1965b, Kahan et 
al. 1 966, Dbarkar 1 969, Mumtaz et al. 1 970). Curing storage of onions from 
August till the end of December when practically no sprouting occurred, the 
difference in weight loss between irradiated and non-irradiated ones was in-
significant with a tendency to more loss in the irradiated bulbs of Early Yel-
low Globe, and during storage of onions from August ti l l October at conditions 
allowing sprouting, the loss was greatest in the sprouted non-irradiated 
onions (Dallyn and Sawyer 1959a). In the papers of Lewis and Mathur (1963) 
and Mathur (1963, garlic) it i s possible to follow the development in loss 
during storage. When onions were stored at ambient temperatures (21 -35TI) 
and 57-95% r.h. without sprouting for 5-6 months, there was merely a ten-
dency to greater loss in the non-irradiated onions, but at storage at 1! - 1 2 t 
and 85-90% r. h. the advantage of the irradiated onions was very obvious be-
cause of 100% sprouting in the control within 4 months against none in the 
irradiated, in garlic above 20% and none respectively. This was the main 
cause of the great difference in weight loss (60. 9% and 16. 6% for onions 
and 24.0% and 14.8% for garlic respectively). Patil (1965/66) recorded the 
greatest loss in the non-irradiated, but within the irradiated the loss in-
creased with the dose. 
2 .4 . Discoloration of the Growth Centre 
Dallyn and Sawyer (1959a, b) showed, using 1 and 2 MeV fast electrons 
towards the root-end of onions, that the growth centre became brownish 
discoloured to the extent of 75% of the bulbs, while they did not observe any 
discoloration when the same dosss were applied towards the top-end, prob-
ably because the electrons did not penetrate to the growth centre. After 
irradiation with 8-12 krads of Y-rays they got more discoloration than after 
16 krads. They stated that the reason was injuring or killing of the meris -
tematic tiSBue, and that the variation from one bulb to another might be 
connected with the s ize of the growth centre or internal sprout at th? time 
of irradiation. They also observed differences between the strains of 
cultivars used. 
Brunelet and Vidal (1960) found the discoloration closely related to the 
growing point which possibly died after some growth when small doses were 
applied, while no growth at all was initiated after greater doses. Contrary 
to this Nuttali, Lyall and McQueen (1 961 ), Hori, KawamnW and KAton (1 965), 
and Kahan and Temkin-Gorodeiski (1 968) reached the conclusion thai- the 
discoloration more or less increaie« with the doses. 
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Brunelet and Vidal (1960) stated that discoloration is caused by enzy-
matic activity rather than by microorganisms, while Nuttall, Lyall and 
McQueen (1 961) were of the opinion that the brownish discoloration might 
be an early state of storage rot. 
Patil (1965/66), who applied the radiation at ambient temperatures in 
a Y-field for 1 -32 days during which some growth occurred, got very intense 
discoloration in the irradiated bulbs. He stated the cause to be death of the 
t issues in the great growing centres extending upwards close to the neck, 
and that the onions were then attacked by microorganisms through the neck. 
This i s an extreme case . Usually the discoloration constitutes only a very 
limited part of the whole bulb, and it i s therefore not objectionable to most 
purposes (Dallyn and Sawyer 1 959b). Zidan (1967) agreed in that and added 
that the dry dead growing centre would anyhow be cut away together with the 
root disc . 
Different storage conditions caused broad variations in the degree of 
discoloration in the cultivar Autumn Spice in which discoloration of the 
hsart also occurred in the non-irradiated bulbs (Nuttall, Lyall and McQueen 
1 961). In other experiments McQueen (1965) did not find serious discolora-
tions after 3-4 or 8-12 krads, and in these cases there was no discoloration 
in the control of Autumn Spice. This made him conclude that the discolora-
tion i s due to pre-existing conditions as a tendency which may be intensified 
by irradiation. If this i s the correct answer, the cause i s analogous to what 
has been observed as to the internal discoloration in potatoes (cf. Truelsen 
1 964, Skou I 967). 
Sprout inhibiting doses gave practically no discoloration in garlic (Kahan 
and Padova 1966). 
2 .5 . Culinary Value and Wholesomeness 
The outer appearance seems unaffected by the irradiation apart from a 
faster drying-up of the outer scales (Blinc 1959, Lewis and Mathur 1963). 
When cooked the irradiated onions may get a lighter colour than the non-
irradiated (Dallyn and Sawyer 1959b), and when sliced and dried the irradi-
ated onions had the best colour (Zidan 1967). 
Taste and smel l are rather improved by irradiation. Some authors 
found a tBUder (i. e legs pungent) and a slightly sweeter taste ol irradiated 
onions (Dallyn avji Sawyer l»59b, KuttalL Lyall and McQueen 1 M l , Lewis 
and Uttieu »963, McQ»na 196>L wfeereas other authors have not teued 
difference« worat-tuwsUetttag efthaf in rav ar in cooked coadttisa fTroeto— 
1 MO, Meftur (garlic) 1 »63). 
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Both by sensory evaluation and by chemical determination the volatile 
reducing substances that are responsible for the pungency increased with 
the dose without any adverse effect or off-flavour to the onions after 2-10 
krads (Mumtaz et al. 1 970). This i s - maybe - connected with enzyme ac-
tivity; at least the enzymes and their substrates were more easily brought 
together when the permeability increased, see above. In this connection it 
i s worth mentioning that the activity of alliin-lyase (the enzyme decomposing 
alliin and alliin-analogous substances to allicin (or related substances), 
pyruvic acid, and ammonia, allicin and its all ies being responsible for the 
characteristic taste and smell of onions and garlic, cf. Hegnauer 1963) was 
unchanged after doses up to 64 krads, but the enzyme became l e s s soluble 
(Watanabe and Tozaki 1 967). 
The contents of reducing and non-reducing carbohydrates were un-
changed at sprout-inhibiting doses (Dallyn and Sawyer 1 959b, Lewis and 
Mathur 1 963, Metlitskii et al. 1 964, McQueen 1965). This holds for vitamin 
C, too (Lewis and Mathur 1963, McQueen 1965). 
Extensive experiments for testing of the wholesomeness of irradiated 
onions are unknown to the author, but McQueen (1965) mentions that no 
detrimental effects were observed in animals as a result of a diet containing 
onions irradiated with doses up to 100 krads. 
3. EXPERIMENTAL 
3 . 1 . Material and Methods 
Two series of experiments with irradiation of onions were performed 
during the years 1965-1969. One series was with different doses to one 
strain (sensu Wanscher 1964, 1971) of the cultivar Rijnsburger of the 
species Allium cepa L. That i s for the years in question (strain-mark in 
brackets): 
1 965/66 Rijnsburger (Stensballe S 65) 
1966/67 Rijnsburger (A. H.) 
1967/68 Rijnsburger (A. H. 1001) 
1988/69 Rijnsburger (Stensballe S 65) 
The other aerie« was performed with one dose to fteveral strain* of culti-
var« (cf. tablee 2 and 3). AU these strains of culttvars were grown to-
gether in the eame field, treated, harvested, and handled at the same time 
which is considered of importance for studying difference«. 
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The onions were harvested in the beginning of October every year and 
field-dried the first three years of the experiments (1965/66 - 1967/68), 
while those used for the 196S/69 experiments were transported to RisO im-
mediately after lifting æd placed for 8 days on a drying plant blowing cold, 
dry air through the nylon baskets, and they were then sorted and irradiated. 
All onions used were f irst -c lass market onions unsorted to s ize . The 
average s i ze may be seen from table 1 which gives detailed data of the out-
line of the experiments. The onions were grown at Stevns. In the 1965/66 
experiment the onions were stored at the grower's among other onions. 
From the other experiments some onions were stored in K frost-free ven-
tilated r^om at K. V. Andersen's factory for onion products at Varpelev, 
Stevns, others at 5°C and 50-60% r .h . at Riso. 
The road distance to RisS is about 50 km. 
The samples were irradiated in the indoor Co irradiation plant at 
RisS at the t imes and to the doses indicated in table 1. 
Few authors mention the methods of judgement used in the experiments. 
Mullins and Burr (1961) and Muiuiaz ct si. (1970} threw away all onions 
sorted out, and so did I with the aim of reducing spreading of diseases and 
limiting the sprout-accelerating ability of sprouting onions (cf. Ottosson 
1969). It may be discussed to what degree this way of sorting makes the 
results different from those with onions in practical storage which remain 
untouched until removal for sale . Leaving the retted onions in the samples 
may give more rot than occurs in practice, on the other hand throwing away 
the sprouted onions may lead to l e s s sprouting than in practice. In spite of 
this , the author does not think the method used disturbs comparison with 
good practice. 
This way of sorting may make the percentage of rotted onions somewhat 
misrepresented if a very high percentage of sprouting onions were sorted 
out at an earlier date. 
The onions were judged once a month by weighing and sorting into first-
c lass market onions, sprouted, and rotted ones. When a bulb bad both 
sprouts and rot, i t was placed according to what was most pronounced on it. 
As soon as leaf sprouts penetrated the neck, the bulb was regarded as 
sprouted. 
Result« may be based both on weight and number. Based on weight the 
respiration and transpiration loss cajanot be omitted aa part of the results. 
The«« two factors ar« regarded as having the greatest inHsence on the bulb« 
sorted out. On the basis of number we were free of those disadvantages, but 
calculating • » number nloat dees not stake M possible to get an impression 
Table I 
Outline of the exper iments . 
All treatments but one were 
Year of 
experiment 
T i m e ot 
irradiation 
Amounts, s i c e s and treatments of onions are g iven for the different exper i ment s . 
performed with 6 repl icat ions . Harvest in the beginning of October every y e a r . 
D o s e s applied, 
krads 
Experiments with different doses to one strain: 
I96S/66 
1 MS/61 
1 W I / 6 8 
1967/68 
1 W S / 6 9 
1 K B / 6 9 
11th Dec . 
28th Oct. 
1 s t -3rd Nov. 
1 s t -3rd Nov. 
14th Oct. 
14th Oct. 
Exper iments with s tra ins of cu 
1966/67 
1967/68 
T o u t 
aeth Oct. 
1 »t -3rd Nov. 
0, 12, 50, 250** 
0, 6, 12, 25 
0. 6, 12, 25 
0, 6, 12, 28 
0, 6, 12, 25 
0, 6, 12, 25 
ltivara: 
0, 12 
0, 12 
P l a c e of 
s torage 
Stevns 
Stevns 
Stevns 
RisO 
Stevns 
R i s e 
Stevns 
Stevns 
Total amount in 
kg 
168 .0 
1 9 2 . 0 
1 5 0 . 0 
160.1 
218 .0 
226 ,9 
4 3 2 . 0 
3 9 8 . 0 
1945 .0 
number 
2536 
1383 
892 
967 
1439 
1480 
4774 
4735 
18206 
Amount 
per sample 
« f 
8 . 0 
8 . 0 
6 . 3 
6 . 7 
9.1 
9 .5 
8 . 0 
6 . 0 
-
number 
121 
58 
37 
40 
60 
62 
86 
72 
-
Weight 
per 
onion, g 
6 6 . 2 
1 3 8 . 9 
1 6 8 . 5 
1 6 6 . 7 
1 5 1 . 5 
1 5 3 . 3 
9 2 . 9 
84.1 
-
For 2 50 krads 3 replications only. 
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of how the weight loss was influenced by treatment and time. Figure 1 gives 
the results of the last experiment at Riso calculated in per cent after both 
methods. No fundamental difference may be seen, only the "weight curves" 
show a lower per cent of f irst-c lass onions than do the "number curves", 
s e e above. All results are therefore given by number, apart from those 
estimating weight and weight losses . 
2 4 » 
Tim« ol rtmgf (wontMl 
10 
i»»rtr»> erf gtf fw< rf *i^<-«U»« KW ii »»»in utn« jy».ry»«ii •! (U»# 
1 fMj/M. Hou ifcat AM mai* u u n v of * • curvw i n llw Mmf. 
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3 .2 . Results of Experiments with Different Doses to a Single Strain of a 
Cultivar 
The results were all based upon the material and doses outlined in 
table 1 for the different experiments during 1965-1969. 
3. 2 .1 . Sprouting 
1965/66 Experiment. This preliminary experiment started exception-
ally late (17 Dec.) , cf. the literature review. The control had considerable 
sprouting after 3 months, while it took 4 .5 months before onions irradiated 
with 12 krads reached that level. After application of 50 krads a hint of 
sprouting appeared already after one month, but the sprouting stopped and 
amounted to only about 2% after 4 .5 months. No sprouting appeared after 
application of 250 krads. 
1966/67 Experiment. In the non-irradiated onions sprouting accelerated 
rapidly after 4 months of storage and reached 85-90% within 7 months, s ee 
figure 2. In that same time sprouting after application of 6 and 12 krads 
reached only 15%. After application of 25 krads the sprouting was initiated 
already after 2 months, and after 3-4 months these onions st i l l had more 
sprouts than the control, but the sprouting rate faded off to give only 25% 
sprouts after 7 months. 
80 
60 
i U) 
• 0 krads 
. 6 •• 
»12 " 
»25 • 
Stevns 
-<2 
1966/67 
/ 
/ 
/ 
/ 
I 
„» ' " " " " 
; » 
0 7 i $ 8 10 
Tim« o# ft or »g« (months} 
Fif. i. Amount of aproutari pniom in ta* i*tJ#/#7 experiment, Jfcrte tk* 
ace »Undue iproatLnj rate la tW aoa-irrwiUtad .liter aboot 4 ttoattli* 
(approx. T at Maxca) of »torafé aad OMt aVrdtttaf t* ttrmt Initiated la oofeM 
trtated with n traoV 
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Already after one month of storage some root sprouts were found in 
the control samples, while no root sprouts at all occurred in the irradiated 
samples during the whole storage period. 
1 967/68 Experiments. Sprouting in the control was less than the pre-
ceding year, but the main course of the curves i s the same for the Stevns-
stsred onions, i. e. earlier and more sprouts after 25 krads than after 6 
and 12 krads, s ee figure 3 at top. In the RisS-storeu onions the sprouting 
started about 2 months later, and the irradiated onions sprouted mure than 
those of the Stevns-stored experiment. The strongest sprout inhibition oc -
curred after 6 krads, and both after IZ and 25 krads the onions sprouted 
earlier and had more sprouts after 4-6 months than had the control, s ee 
figure 3 at bottom. 
Stevns 19E7/68 
• ' • * - • t 
Tirnr ef 9l*rag« (montfw] 
Tit. '• * w c » f pi u l l l ^ m toraaHCyw uftilmtau. l*x»ont 
*tv*utMr«*r*l**rMlkas ttaa at mtrim, mtr-mm'li mtrtitøniatm 
i» » • l m d U u d at %Ut [*aa at A * « , m* da« #rt*teÉJ I t M f f e f t i l l M 
i a a a w iraat* a l t H a n * ia< a n * «la» « l » I 1 tra*a>. 
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1 968/69 Experiments. Both the Stems-stored and the RisO-stored 
onions started sprouting alter 5.5-6 months of storage, see figure 4. The 
sprouting rate of the control was much higher at Stevns than at RisS, prob-
ably because of the constant 5°C at RisS. As the preceding year the irradi-
ated onions sprouted somewhat more at RisS than at Stevns. At both places 
onions treated with 25 krads had more sprouts than those treated with 6 and 
Stevns 1968/69 
Tim« of starag* (nwiths) 
Fl£. 4, Amouot of iprwt«d O«1OM in UH I »••/<» «p*rim«»t«. Dot« UM 
Ui« iøittaUøa oj •pr?«u*£ u d Out no ' .-Mottor; ftiinuUUaf ttimct ocoijr« 
wilk tMj at Of tot— KM. 
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12 krads, but without an earlier initiation. This may be connected with the 
fast drying and the earlier treatment, certainly carried out when the onions 
were in the deepest state of rest (cf. literature review). 
3.2.2. Storage Rot 
1 965/66 Experiment. In the control and in onions given 1 2 krads the 
storage rot amounted to 35% after 3 months and approx. 95% after 4.5 
months, while those given 50 and 250 krads had 42% and 75% respectively 
after 3 months and 99% and 100% after 4. 5 months. So the higher doses 
obviously made the onions very susceptible to storage rot. 
1 966/67 Experiment. In this experiment the storage rot was moderate, 
gradually ascending during the first 7 months of storage without differences 
between treatments, but at that time the rot started to increase rapidly in 
the irradiated samples, see figure 5. This is connected with the fact that 
it was impossible to keep out all the summer heat from the storage room. 
The extreme difference between irradiated and non-irradiated as to the 
amount of rotted onions is to a certain extent brought about by an earlier 
sorting out of the sprouted bulbs, cf. material and methods. The curve 
for the control is therefore somewhat misleading in the later part of the 
course and does not tell much about differences in susceptibility. 
Stevns 1966/67 
2 t e i 
Time of storage (months) '"• 
10 
Tit. 1. A « O M 1 »J rtXWiJ • * * • « » , V # H / « ' « P * r " M « M - Xor O J I U M -
xla± oi 4 « ootm«« oC t** car*«« *•« tb* t a t . 
-22 -
1967/68 Experiments. That year the autumn was very rainy entailing 
serious difficulties for field-drying the onions, and into the bargain this gav 
an increased chance for infection and rot. The effect of these conditions is 
obvious from the results in spite of the fact that the experiments were com-
menced with apparently healthy bulbs only, see figure 6. In both experi-
ments the storage rot developed seriously straight from initiation of storage 
and it was generally more severe at Stevns than at RisB, see figure 6. As 
a whole there was most rot in the irradiated samples throughout the experi-
ments, even when the above-mentioned difficulties are taken into consider-
ation. 
80 
60 
(0 
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Stevns 1967/68 
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Riso S67/68 
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b«T« mor« rot dM« OM •o«J-inmJi«1»d m—. 
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1 968/69 Experiments. On the basis of the bad experience from the 
preceding year the onions were artificially dried immediately after lifting, 
cf .material and methods. The resuits of the Stevns-stored onions were 
similar to those from 1 966/67, see figure 7 at top and compare with figure 
5. In the RisO-stored onions there was practically no rot in the first 4 
months, but from about that time the rot accelerated in all treatments and 
at a rate increasing with the doses, see figure 7 at bottom. The main part 
of this increase in rot does not seem to have been caused by microorganisms. 
Stevns I968/69 
2 * 6 8 
Time of stc.age (months) 
Riso 1968/69 
0 krads 
6 " 
< 12 
.25 
[From her* tha main raasen 
lor iha incraaaa l» saft 
iponiy oniana ^ X 
/ / , 
60 
40 
20 
"0 2 4 6 ft 
Time of Storas« (motrths) 
F l f . 7. Amount of rotted vnloni 1A the 1 (MS/69 tapariroant*. Hot« the 
rapid increase in rot after 1. 5 moottoa (approx. 1 »t Jxmm) at St*^n» and 
cocopaj-e with tb* text. No dlJT«r**cw bftwaeo døs«* can b« w a n . At 
JUao tba cooraea of tfce carr«* ara H a r w b a t tfiflarant, a a« the taart for 
cloaer tnryiinttloa. 
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but rather by physiological conditions. This kind of "decayed" onions also 
occurred at Stevns, but it was not enough to change the course of the curves 
In the RisB-stored onions only those treated with 25 krads had more rot that 
the Stevns-stored ones after 7 months. It is impossible to decide under 
what set of conditions the soft and spongy bulbs were induced. The low rela 
tive humidity (50-60%) and the more intensive drying have perhaps contrib-
uted, cf. Mullins and Burr (1961). 
3.2.3. The Causal Organisms 
Except for a few cases with Fenicillium spp., the gray mold (Botrytis 
spp.) was the cause of nearly all the storage rot in all the experiments ex-
cept for that stored at RisS 1968/69, cf. above. The main part of the gray 
mold was caused by Botrytis allii Munn (det. ex descr. in Hellmers 1943 
and Hennebert 1 963) including the small-spored "variety" (cf. Røed 1 952, 
Hennebert 1963) of which an isolate is deposited at CBS, Baarn, The Nether 
lands, as accession no. CBS 260.71, see figure 8. 
Fig. •• ConWta ol th» frtjr mold ftmgu«, Botrytis allil Munn. Left: a 
Urge-sporad iMltto, no. 2» (In averaga II.Oi 5.1 », langth/eraadth 2.2) 
Blfbti » amall-ipond isolata, no. 7M (In araraga «.»i4.0«, lanfth/ 
braadthl.7). xl 000. 
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3.2.4. Respiration and Transpiration Loss 
Figure 9 shows how the average bulb weight decreased during the 
storage period of the last experiment at Riso. Within the first 6 months 
the treatment did not cause any difference in the average bulb weight, but 
as the sprouting accelerated in the control samples, they lost much more in 
weight than did the irradiated ones. 
2 « 
Time or storage (months) 
Pig. 9. Changes in the weight of onions «•—ing storage in the 1948/69 
experiment at RisO. The 4 columns are from left to right; 0, 6. 12, and 
25 krads. Symbols at the curve* are as in the other figures. The columns 
show the actual weight during storage, aod the curves show the calculated 
weight when compensating for the respirstion and transpiration loss. Com-
pare with figure 1. 
As no sorting as to size of the bulbs was made, cf. material and 
methods, it should be recognized through a change in the average weight 
of the bulbs if the general storability (i. e. all onions minus the sprouted 
and rotted ones) was affected by the size, but at the same time, however, 
there will during storage be a loss through respiration and transpiration 
for which it is necessary to compensate if in this way we try to get an an-
swer as to the importance of the bulb size. The curves above the columns 
in figure 9 give the calculated bulb size after compensation for the measured 
total weight loss up to any time during storage. If chiefly small onions have 
been sorted out, the compensation would make the curves rise which in fact 
they do, but we have to take into consideration that the bulbs with the most 
intense respiration and transpiration are the ones sorted out owing to 
sprouting and rot. Therefore the rise of the curves may be due to com-
pensation on a relatively too great rest weight. Compare figure 8 with the 
two set« 0.'curves in figure 1. • 
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The weight losses in the Ris5-stored and in the last of the Stevns-stored 
experiments are given in figures 10 and I t . If we take the figures period by 
period, we generally find the greatest loss in the irradiated samples during 
the first 2-3 months of storage; then the differences reduce to be without 
significance until sprouting sets in and brings the control far above the others 
if an intense rot does not occur at that same time as in the Stems-stored 
onions, s e e figure 11 at top. The very small loss during the winter period 
at Stevns i s due to a temperature close to 0°C. Based on the whole storage 
period the loss was greatest in the control. 
Riso 1967/68 
2 4 6 8 10 
*" Time of storage (months) 
Fig. 10. Respiration and transpiration Ipsa during storage in the 1967/6S 
experiment at Ris6. The 4 columns are from left to right: 0, C, 12, and 
35 krads. 
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After 4-5 months the difference in amounts of f irst-class market onions 
starts to be significant. Oily in the 1965/66 experiment did sprouting and 
rot develop s o rapidly that no marketable onions were left early in May. 
1966/67 Experiment. Here the advantage of the irradiation i s clear 
from April and onwards until the summer heat promotes the rot and brings 
the^ whole experiment to a sudden end, see figure 12. Six and twelve krads 
were significantly better than 25 krads. 
Stevns 1966/67 
Fig. 12. Amount of firet-claa« market omomc in the later part of the 
•forage period in the 1966/67 experiment alter application of different 
doeee. 
1967/68 Experiments. The Stevns-stored onions gave almost the same 
picture as the preceding year, s ee figure 13, only the percentage of first-
class market onions i s lower because of the fast developing rot that year, 
s ee figure 13 at top. For the same reason the positive effect of the irradi-
ation did not show until the middle of June in the RisO-stored onions, s ee 
figure 13 at bcttom. Storing onions with a constitution like that of this year 
(sec storage rot) was obviously best at Stevns probably because a low tem-
perature during winter slows down the rate of rotting. 
Six krads were better than 12 and 25 krads. 
1968/69 Experiment*. As in f 966/97 both experiment« (Stevns and 
Ritto) clearly show the advantage« of irradiation, see figure 14 and com-
pare with figur« 1 2. The essential difference between the 2 localities in 
again the lummer heat. Again 6 krmåm were better than 1 2 and 25 kraaa 
because of irore sprouting and rot at the higher doses. 
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Stevns 1967/68 
Fig. 13. Amount of fixet-claae market onion* In the later part of the 
•tørage period in the 1867/68 experiment* after application of different 
dose*. Not* th* difference between the 2 plat** of storef* and compare 
with the test. 
-so -
Stevns 1968/69 
•ppUcattoo of dtffmat 
Fig. 14. Amount of fizot-cloaa nr-kat oaioaa la IS* later put of the 
otoraio porfod la tb« I W / M ojaorlanaW after 
dooes. Upto lap greet •IIIIOJMI of 
I I , 4. 7,and1l. 
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3 . 3 . Results of Experiments with Strains of Cnltivars 
This second ser ies deals with several strains of cultivars in which only 
the 12 krads were compared with non-irradiated. The greatest advantage of 
this comparison i s the uniformity in growing conditions and handling etc . , 
s ee material and methods. 
3 . 3 . 1 . Sprouting 
In figure 15 the weakest and strongest sprouting irradiated strains are 
set up together with the irradiated and non-irradiated control and the average 
of all irradiated strains, in the 1966/67 experiment the curves had a shape 
that appeared "Dci-mal" as compared with the first experimental ser ies , even 
though the extremes in sprouting ability of the irradiated strains are clearly 
different. In the 1 967/68 experiment the shape of the curves for the irra-
diated strains was quite different. The main cause of this was most likely 
the great difficulties wiUi the field-drying that autumn which apparently gave 
r i se to greater or smaller shortening or cessation of the period of rest, 
resulting in a slighter inhibition or a directly stimulating effect on the sprout-
ing by application of the radiation. Thus al l irradiated samples had more 
sprouting than the non-irradiated control after one month of storage. This 
condition i s exceedingly pronounced in the strongest sprouting strain with 
27% against about 5% in the non-irradiated. The stimulating effect was only 
transitory as the sprouting rate faded off so that the total sprouting became 
greatest in the non-irradiated samples. 
3 . 3 . 2 . Storage Rot 
As in the first experimental ser ies the curve for the non-irradiated 
control i s somewhat misleading in its later course because of an earlier 
sorting out at great amounts of sprouted bulbs, cf. also material and 
methods. In both years very pronounced differences between the strains 
as to the amount of storage rot were found, s e e figure 16. They were ex-
treme after the wet autumn of 1967 when the most susceptible strain had 
above 70% rot after one month of storage, while the most tolerant strain 
had only abou; 15%_ret or a s much as the most susceptible strain the pre-
ceding year. 
3 . 3 . 3 . Storabiliry of Strains of Cultiyar« 
The amounts of sprouts and rot in the strains of cultivare naturally 
play a decisive role for the storability, and as they obviously vary inde-
pendently, an interaction may arise. It \» therefore oeceeeery U> lukt both 
condition« into consideration when aetermloiag the storability of a strain. 
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Stevns 1966/67 
Fif. 1 S. Amount of sprouted onion« during storage in the experiment* 
with different strains of cultivars. DoU: non-irradiated control. Grosses: 
same strain irradiated with 12 krads. Open circles: the most sprouting 
strata (12 kradsj. Triangles: mo least sprouting strain (12 krads). In the 
1 MS/67 experiment (top) the average sprouting for 9 strains is very close 
to the irradiated control (the crosses). The dubsd line gives the average 
of 11 irradiated strains in the 1937/«8 experiment (bottom). 
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In table 2 the strains of cul^vars from the 1966/67 experiment are put to-
gether, placed according to percentage of f irst-class market onions as 
judged on 6 June 1967. The strain Rijnsburger (A. H.) from the first ex-
perimental ser ies of that same year and doses are inserted. It i s very clear 
that storage rot i s far the most important factor for placing the strains in 
the table. Further it is worth noting that the commonly grown strain, Rijns-
burger (A. H.), is the one with the best storability, and that the differences 
between strains of that cultivar were very pronounced. The advantages of 
irradiation are obvious, even though there is only a non-irradiated control 
for two of the strains because of shortage in material. 
Table 2 
**) Storability of strains ' of some cultivars of onions (A. cepa) from 
experiments with storing at Stevns 1S66/67. Figures from the test 
on 6th June, 1967. Highest and lowest amounts of sprouts and rot 
are underlined. Strains, Rijnsburger (A. H.), on dashed lines are 
transferred from first experimental series of the same year. 
Harvest in the beginning of October, irradiation 28th October. 
No. 
1 
2 
« 
4 
5 
• 
7 
a 
Culu/ars wiji strain-mark in brackets 
0 krads 
Rijnsburger (A. H.) 
Rij-ieburger (Stensballe S 65) 
12 krads 
Rijnsburger (A. H.) 
Hollandsk, halmgul 
Rijnsburger (E. L. D.} 
Rijnsburger (Tagsnshus 240 O. E.) 
Rijiuburger (Stensballe S 65) 
iUjnsburger (153/66 0. F.) 
Rijnsburger (Tagenshus S 65) 
Zltlauer (A.H.) 
Rijnsburger (Hunderup S 65) 
% sprouted 
onions 
86.4 
64.0 
14.8 
16.7 
11.7 
23.4 
16.4 
LI 
20.1 
20.1 
19,8 
,, , .. 
% rotted 
onions 
11.4 
34.1 
13.3 
18.9 
24.5 
19.5 
27.4 
35.2 
28.0 
34.8 
% first-class 
market onions 
2. 2 * 0.8 
1 .9? 0.5 
7 1 . 9 ? 0 . 8 
64 .4? 2.4 
63. 8 * 2. 5 
57.1 * 1.7 
56 .2* 5.8 
K. 1 * 3.5 
5 1 . 9 - 1 . 9 
45.1 ± 3 . 8 
» 8 . 2 * 1 . a 
>) Wanscher 1964 and 1971. 
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The corresponding data for the f 967/66 experiment are given in table 3 
for the judgements on the 2 April and 5 June. The 2 judgements are put in 
to get an impression of the development of sprouting and rot after, the wet 
autumn, see above. Again the tolerance against storage rot had an over-
whelming importance for placing the strains in the table. The 3 irradiated 
strains with the poorest storability did not have a greater amount of first-
c lass market onions than the non-irradiated control. Rijnsburger (A. H. 1001) 
Table 3 
Storability of strains*' of some cultivars of onions (A. cepa) from 
experiments with storing at Stevns 1967/68. Figures from the tests 
on 2nd April and 5 Ji June 1968. Highest and lowest amounts of sprouts 
and rot are underlined. Strains, Rijnsburger (A. H. 1001), on dashed 
lines are transferred from first experimental series of the same year. 
Cultivars with strain-mark 
in brackets 
0 krads 
Rijnsburjer j A. H. 1001J 
Rijnsburger (Stensballe S 65) 
12 krads 
Zittauer, gul kæmpe (HunderupS 62) 
Rijnsburger (Stensballe S 65) 
Rijnsburger (A. H. 1001) 
Rijnsburger JA. H. 100IJ 
Rijnsburger (Hunderup S 65) 
Rijnsburger (F. D. B, 925) 
Rijnsburger (Tagenshns 740 O. E.) 
Perijka (Toft* S 65, 920) 
Rijnsburger (Tageoshus S 65) 
Brunsviger (1364 O. E.) -
Zittauer (A. H.) 
% sprouted 
onions 
2nd 
April 
33.6 
38.5 
14.5 
31.3 
17.7 
11.4 
20.7 
24.7 
25.« 
• » * . ' « ' • 
28.9 
«»;« 
it: 4 
5th 
June 
£1.6 
62.0 
18.4 
44.1 
25.9 
18.1 
23.0 
29.9 
28.* 
33.2 
31.4 
4k V 
"24 . V 
% rotted 
onions 
2nd 
April 
34.1 
34.9 
44.6 
26.9 
45.2 
42.7 
CO. 7 
51.1 
62.4 
59.7 
82.9 
'W.1' 
5th 
June 
36.7 
37.1 
50.5 
34.2 
53.0 
62.1 
63.7 
57.» 
65.5 
61.8 
65.0 
•I*.*" 
T£fpJ^[ 
% first-class 
market onions 
5th 
April 
32.3^5.1 
26 .6^3.7 
40. 9 * 5. 9 
4 1 . 8 - 5 . 7 
37.1 - 5 . 8 
4 5 . 9 - 1 . 8 
18. 6 ? 2. 3 
2 3 . 8 - 4 . 5 
1 2 . 0 ? 2 . 9 
7 . 7 * 1 . 9 
8 . 1 - 1 . 4 
'•*.<»* 1,8 
'"•i.'i *).* 
5th 
June 
1 . 7 * 1 . 2 
0 . 9 - 0 . 4 
31.1 * 5.1 
21.7 * 6.0 
21.1 * 4 . 5 
1 9 . 8 * 4 . 9 
18.3 * 1.7 
12. < - 2. 3 
8.1 - 1 . 2 
5 . 2 - 1 . 2 
. 3 - 5 - 1 , 8 
2 . 0 * 0 . 9 
0 . 1 * 0. 3 
* ' S « M U W«n»CJl«r 1 MH and 1 »71. 
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from the first experimental series is inserted. Also this year the common-
ly grown strains ranged among the best, see above. 
The importance of using strains with good storability can certainly not 
be made more clear than is shown in this table where out of the best of the 
irradiated strains - under the circumstances mentioned - there were 30% 
first-class market onions left on 5 June, while nothing was left from the 
poorest strain at that time. 
3.3.4. Importance of Bulb Size 
No special effect of the bulb size was detected with certainty in the first 
experimental series, but here in this series a close connection between the 
percentage of sprouting bulbs and the average weight of the bulbs was ob-
served in the 1966/67 experiment, see figure 1 7 and compare with table 2. 
25 
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ro
ut
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5 
0 
>o 
,.17.1l-0.52U-i) 
i.93 
r.-O.M 
.1 
'•* N 
80 85 90 95 100 105 
grams ptr onion 
110 
H f . 17. Tho mation totimo »proutlnj and M b d » u load In the 
apartment witli atniiw of ealttvar* i» 1 *W/*7. Th« numbatiaf nfora 
to tho ptaslac la tablo 1, • • • tabla 1 column 1. 
-37 -
The sprouting rate clearly increases with decreasing bulb weight. The 
equation and the line were made only on the basis of the strains grown to-
gether in the same field, see material and methods. They are numbered 
1 - 8 in figure 17 and column 1 of table 2. 
As the bulb s ize , among other things, depends on tne spacing in the 
field and this again depends ou the germination capacity of the li;t of ouiuu 
seeds in question, it i s impossible in this case to ascertain that the average 
bulb weight i s characteristic of the different strains. 
A corresponding connection could not be detected in the 1967/68 experi-
ment probably because of the above-mentioned bad conditions which too strong-
ly affected the physiology, the susceptibility to rot, and the sprouting rate. 
No connection between the bulb weighi and the percentage of rot could 
be proved. 
3 . 4 . Taste 
This matter was only examined in the 1 965/66 experiment. Cooked 
onions were used (cf. Truelsen 1960), and several colleagues acted as 
judges. The results were as in Truelsen (1960). Under the conditions in 
question, no appreciable differences were pointed out by u«e of doses up to 
250 krads, s ee table 1. If differences do exist, they are so small that they 
can only be determined with certainty by a panel of experts. To get an 
exhaustive answer it would be necessary also to taste the raw oaions. 
4 . DISCUSSION 
From the literature review it i s evident that small doses used at the 
right time have an excellent sprout-inhibiting ability, and that higher doses 
may give more sprouting. When the presented results are considered as a 
whole, the 6 krad dose stands out as the best. There are several reasons 
for that. Generally the incidence of rot was l ess after this dose than after 
the others, leaving the control out of account, even though deviations do 
occur. In all experiments 6 krads exhibited the smallest amount of sprout-
ing, which then increase* wift the dose for f 2 and 25 krads. At least as 
interesting i s the phenomenon of transitory stimulation o* the Sprouting which 
according to the literature, s ee above, was jhost often obéerVed after api' 
plication of higher doges. After 6 krad* it did not occur «( all, after 12 
krad* it occurred only after the Wet ifirtoniji 6t f 987^6« especially in t*» Af-
perlhient witfc »train« of cult«*!-*-**«-* tSa Iråtftléry »tfmolalfori'ofTÉe ' 
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sprouting was very pronounced in some of the strains, see figure 16. After 
25 krads this effect occurred both in the "good" year of 1966/67 and in the 
"bad" year of 1967/68, cf. the text above, but not in the experiments of 
1968/69 where the onions were dried immediately after lifting and irradiated 
a fortnight earlier than the preceding years. These facts indicate that a 
mechanism, most likely the physiology of rest aiid dormancy, affected to 
give this transitory stimulation of sprouting, is a very sensitive one, not 
only to irradiation, but also to the environmental conditions and to the treat-
ments after harvest. The later fading-off of the sprouting rate is not sur-
prising because of the serious disturbance of the physiology and the meta-
bolism of 'he nucleic acids, cf. the literature review, but one can hardly 
believe that a greater part of the sprouting should be a cell extension (hy-
pertrophied cells) rather than real growth, cf. Metlitskii et al. (1964). 
From the earliest experiments with irradiation of onions for extension 
of their storage lives few strains have often been used. They clearly show 
that essential differences exist. More extensive are the presented experi-
ments with strains of cultivars. From them it may in addition be seen how 
important it is to use strains with good storability not only as regards 
rprouting, but to a high degree also as regards tolerance against storage 
rot. 
The variation in storage rot, as observed in the present work and known 
from the literature reviewed, may have several causes. It depends natural-
ly on the pre-history of the stored onions during which microorganisms 
(amount and species) were inocculated on them and during which attacks -
though invisible - already have been established as was for example the case 
with the 1967/68 experiments. Besides differences in radioresistance of 
the microorganisms the number of their cells present plays an important 
role and is probably the main reason for the higher resistance in established 
attacks (cf. Coney and Bramiey 1965). No work has been done on the radio-
resistance of Botrytis aUii, but on the basis of the above and the statements 
on related organisms (cf. e. g. Beraha, Smith and Wright 1960, Barkai-
Golan, Temkin-Gorodeiski and Kahan 1 967) one can hardly believe it pos-
sible to reach the conclusion that it should be possible to destroy B. allii 
without damaging the onions as alleged by Staden (1866), and it is surprising, 
too, that some authors have found a decrease in storage rot after small 
doles. It is more easily understandable that hijrher doses may lead to 
severe microbial attacks because the damage to the tissues becomes very 
serious at the same time as the doae is still iar from sterilizing the products 
(cf. e.g. Beraha, Smith and Wright 1 960). The presented results show thai 
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even a dose of 6-12 krads may lead to increased storage rot - mainly caused 
by B. aUii - if the material i s incorrectly handled. Therefore, in this 
author's opinion the results make it safe to presume that the irradiated 
bulbs are more susceptible to attacks than the non-irradiated ones. 
Other things being equal it must be regarded as absolutely necessary 
for studying uie effect of the bulb s ize that the bulbs are well ripe and in a 
good physiological condition. Therefore it i s not surprising that it has been 
possible only in the experiment with strains of cultivars in 1966/6? to get 
a clear picture of this effect. If it i s true that the larger onions rot faster 
than the smaller ones (cf. the literature review), the effect of l e ss sprouting 
may be obscured when measured as storability at non-optimal conditions. 
This i s possibly also the case when the physiology i s affected, see table 3 
and the corresponding text. 
5. GENERAL CONCLUSIONS 
Based on the literature reviewed and on the results presented the fol-
lowing general conclusions are drawr: 
1. To obtain a good result it i s necessary that the onions are grown at 
the best possible conditions to ensure uniform maturation. The lifting 
am.it be carried out as soon as the onions are mature for harvest. They 
must then be dried, preferably artificially, as besides giving a good 
scale colour this reduces the growth conditions for the pathogens. 
(Based on results presented in agreement with the literature). 
2. Only f irst-class market onions are usable for irradiation because 
even apparently negligible deviation from that category will increase 
the rot during storage. The reason i s that irradiated onions are gen-
erally more susceptible to rot than non-irradiated ones. (Based on 
results presented). 
3 . It i s very important to use strains of cultivars with specially good 
storability, i. e. late sprouting and tolerance against storage rot, as 
to which they differ greatly. The strains used in common practice had 
the best or were among those with the best storability of the strains 
investigated (cf. the results). Allium cepaL. has been used in the greater 
part of the investigation* throughput the world, but the results *it^ 
other species, A. sativum L. (garlic) and A. ascolonteum L,(»hrllots), 
iajl within th* <(iff*rjmc.»s b*tw«en the »train* »f cnjtiyars of »nion«. 
(Based on literature and on results presented). 
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The radiation used must have energy enough to penetrate to the 
growth centre, and the dose rate must be high enough to reach the dose 
needed in a reasonably short time. The irradiation should be applied 
when the onions are in the deepest state of rest, i. e. about a fortnight 
after harvest. Used at that time the dose needed for sprout inhibition 
i s smallest. In the results presented it is 6 krads, but at other condi-
tions and with other strains of cultivars it may vary a little to both 
s ides. With irradiation at a later time higher doses are needed to 
inhibit the sprouting, but such doses may have an adverse effect by 
intensifying the storage rot. (Based on literature and on result 
presented). 
The state of rest and dormancy is essential for obtaining good results. 
It i s affected by environmental conditions and handling about the harvest 
time, and it i~ sensitive to irradiation, especially after the effect 
brought about by the conditions mentioned. This may lead to a transi-
tory stimulation of the sprouting which may be observed at low (12 krads) 
as well as at high doses, possibly dependent on the deepness of the rest. 
At irradiation when dormancy passes into sprouting it i s impossible to 
inhibit the sprouting with doses that do not disturb the quality of the 
onions. 
The lowest dose necessary for sprout inhibition will give the greatest 
amount of f irst-class market onions during storage because it does not 
affect the incidence of rot. (Mainly based on results presented). 
Storing of the onions close to the freezing point may awake them 
from their rest acd promote an earlier initiation of sprouting, while 
temperatures about 13-17UC give more sprouting during storage than 
do both higher and lower temperatures. The best storage temperature 
i s probably about 5°C. High as well as low relative humidity have a 
deleterious effect on storability. 80-95% r.h. i s probably the optimal 
moisture content for well-handled onions. (Based on literature mainly). 
At the above conditions (1 -6) irradiation will have little effect on the 
incidence of rot, but all deviations from them may result in an increase 
in both sprouting and rot. Doses above the optimal for sprout inhibition 
cause an increase in storage rot and -may promote sprouting; s e e above. 
Small onions sprout faster than larger ones, on the other hand there 
are few indications of more rot in the larger ones. It i s easier to stop 
root sprouting than top sprouting. (Baaed maiirlj on the results pre-
sented). 
-41 -
8. Based on the whole storage period the non-irradiated onions lose 
more by respiration and transpiration than do the irradiated, but meas-
ured from time to time during storage the loss is greatest for the ir-
radiated onions in the first months of storage until the sprouting ac-
celerates in the control. (Based both on literature and on results 
presented). 
9. Irradiation may often cause a brownish discoloration of the growth 
centre, but with great variation between strains of cultivars and from 
one bulb to another. The cause is not elucidated though it seems that 
adverse conditions promote it. Some authors are of the opinion that it is 
due to dying and drying out of the growth centre after some growth, while 
others state that it is merely a pre-existing tendency which may be 
intensified by irradiation because the discoloration may also be found 
in non-irradiated onions. The general impression is that this dis-
coloration does not make the onions objectionable for most kinds of 
use. (Based exclusively on literature). 
10. The culinary value is almost unchanged or rather improved to a small 
extent by a sweeter and less pungent taste. The amounts of carbo-
hydrates and vitamin C are unchanged by sprout inhibiting doses. It 
is noted that the wholesomeness is not affected by the doses tried, i. e. 
up to 100 krads. (Based on literature mainly). 
11. All considered .only onions to be sold in spring and summer can be 
advantageously irradiated. At this time the advantage of irradiation 
is great as in June-July 50-60% or more of the original amount is still 
available for the market, whereas only 10-2R* or less of the control 
are left at that time. (Based exclusively on results presented). 
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